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A Metal Halide Lamp with Magnesium Halide 

Filling For Improved Dimming Properties 

f 

/ TECHNICAL FIELD 

5V ' f This invention relates to high intensity discharge lamps 

and more particularly to high intensity discharge metal halide 
lamps. Still more particularly it relates to a metal halide 
filling for ceramic metal halide lamps. Ceramic metal halide 
lamps usually contain Til and Nal in their filling. However 
other known metal halide materials such as Dyl 3 , HoI„ and Tml 3 
are frequently used. 

BACKGROUND OF THE INVENTION 
15 This invention relates generally to high intensity dis- 

charge (HID) lamps and, more particularly, to metal halide 
lamps with ceramic discharge vessels having superior dimming 
characteristics. Low wattage metal halide lamps with their 
high efficacy have become widely used for interior lighting. 
Until now, almost all metal halide lamps were used for general 
lighting and have been operated at rated power. Due to the 
ever-increasing interest in energy conserving lighting sys- 
tems, some dimmable metal halide ballast systems are available 
on the market for metal halide lamps. Working under dimmed 
25 conditions (usually dimmed to as low as 50% of rated power) , 

the performance of the regular metal halide lamps on the 
market deteriorate dramatically. Typically the color tempera- 
ture (CCT) increases significantly, while the color-rendering 
index (CRI) decreases. And the lamp hue will deteriorate from 
30 white to greenish or pinkish depending on the lamp's chemis- 

try. Furthermore the efficacy of the lamp usually decreases 

significantly. 

Under dimming conditions, the light emitted by commer- 
cially available metal halide lamps will have very strong 
35 green hue, which can be very objectionable for many indoor 
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ceramic metal halide lamp is due *° discharge 
lines (535.0 nm, . '^sT^old-spot temperature is 

tub e wall temperatures ^ at rated po wer. At 

m ch lower compared to the temp cond itions, the 

th e lower coid-spot temperature ^ ^ ^ 

ra tlo of partial pressure of " Qther metal halid- 

hi gher compared to the partial y higher T1I 

... under dimming stronger qre en Tl radiation 

partial pressure «xt. « X.t J ^ ^ yery olose 

at 535.0 nm. Since the Tl curve , hlgh er lumen 

to the peaK of the human eye s i^ ^ ^ _ ^ ^ 

^^ 4 ^ a „ v i s achieved at ratea ppta i 
efficacy is ac commercial ceramic meta. 

filling components in almost all 

halide lamps. supe rior lamp performance 

With the present invention, sup ^ ^ 

und er dimming conditxons w th ™° ^ re latively high 
achi eved in by a new chemical mi 

pressure between about 350 ^ lampSf 

of the ceramic discharge tubes ^ . n ^ 

Mgl2 is used in the Mg x 2 is used 

f ill composition of components .cause Mg 

to replace the Til a. one of t*»* ^ ^ g similar 

temperature as that of the rare 

vapor pre discharge tube dosing. 

earth iodides in th d-cha^ uith 

Due to the similar vapor P con(Jltlons 

tures, MgX 2 P-f^r^e other rare-earth halides. This 
r/stTwiltrir -er dimming rather than the greenish 

hue of the lamp, ^ vapor pressure of Mg!, at 

rated' ower^itl in relative, ^ ^ ^ £ 
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efficacy is achieved at rated power with Hgl, as one of the 
filling components. (Under some circumstances MgBr' could be 

substituted for Til). 

Therefore an objective of the present invention is to 
provide a metal halide lamp that when dimmed to about 50, 
power retains substantially its white hue. 

Another objective of the present invention is to provide 
a metal halide lamp that when dimmed to about »°* 
retains the CCT (correlated color temperature) substantially 

as in rated power. 

Yet another objective of the present invention is to 
provide a metal halide discharge tube fill formulation that at 
rated power gives substantially similar performance including 
efficacy, CRI, CCT and Duv) as the currently available 

products on the market. wrtV <d P 
Another objective of the present invention is to provide 
a metal halide lamp whose performance does not deteriorate 
under di-ing. and whose outer jacket is rill- with a at 
high pressure so that arcing is avoided at the end of life 
if the outer jacket leaks during the lamp life. 

Still another objective of the present invention is to 
provide a metal halide lamp that when dimmed to about 50, 
power its color-rendering index remains above 70. 

DESCRIPTION OF RELATED PRIOR ART 
Disadvantages of existing metal halide discharge lamps: 
1 Existing metal halide lamps are optimized for 
rated wattage without consideration of dimming per- 
formance- 

2 . When lamp power is reduced to about 50% of rated 
value the correlated color temperature increases 
dramatically often more than 1000°K. This change is 
not acceptable for most indoor applications. 



val ue the color rendering index decreases signifi 

CantlY * r <« reduced to about 50% of rated 

4. When lamp power is reduced 

\taae the light radiated by the regular metal 
wattage the ng» which is far away 

halide iamp has a color point. * ^ ^ 

fr om the blacK body Una, ^ ^ o£ 

Th ere is no 
metal halide lamps with the purpose 

performance of metal halide 09/074 , 623 

^^M^Z<$TT^ -me assignee^was 
fi led May 7, 1998 by ^ «£J^ ^ lamp „ hi ch has 

£i led on an under dimming condi- 

significantly better lamp peri discharge 
ti ons. xn that patent application. 1 ,P ha ^ 

tub e burning in vacuum tube , and a metal 

loss from the cold-spot of the discha g radi ation 
h eat shield is used on the discharge tube to ^ 
h eat loss from the cold-spot during «^^ T that the 
sh ows very good — ing performanc . . * ^ ^ ^ 
thermal emissivity °f the e i shie^ ^ ^ ^ 
of a ceramic surface, a keeping the cold-spot 

down as the ^^J^^^ constant. X 

and vapor ^^VZtiou ls that widely used high voltage 
disadvantage of the inventi 

parting pulses o ^ the w susceptible 

rrrn^arhirge ^ ^ « ~~ ^ 

CXiSt ' <. „ 5 698 948 discloses a lamp that contains 

U.S. Pat. NO. 5,698,948 ^ ^ ^ 

Glides of Mg, Tl and one or severa of ^ 

qroup formed by SC Y ^J** ^ p has a disadvantage 
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due to the native, higher vapor pressure of T1X under 

dimming conditions. Dr „ ent invention do not contain 

L amps according to - present ^ ^ ^ ^ 

T1I in their <^J^^ di „ lng conditions. 

higher Til vapor pres sure invention contain Mgl, as 

L amps according to the present ^ 
one of the main nmng ma err s The Mg^ ^ 
guantity between about £or green light emis- 

ot the total halides. It repla COMie rcial 
si on and to reach the same lumen •«««^ pat . no . 

. . mi ^-iii^ The lamp, accorumy 
iamps containing Tl fills- ^ £UUng 

5 , 698 , 94 S, contains Mlnten „ce during lamp 

ingredients just to improve lum acco rding 
lit e. Through the ^™ ^ aLce of one or several 
to the patent, ^^^^^ Ln wit h spinel (Hg.1,0.) to 
chemical -^^^ ^ ^ aohieved sho rti y 
such an extent that this ^ £urther 

after the beginning « > 1-P ^ ■ ^ take plaoe . 

removal of the chemic al reaction 

Since the Mg addition is for reduc g quantl ty of 

b etween the fining ingredients an th «». ^ ^ ^ 

„g fill is based on the surface area 

discharge vessel. invention is for light 

since Mgl, fill i» the P resent "> v8ntlon 
Since kj 2 perf ormance under dimming 

emission and for better lamp pe o£ MgIl fill are 

conditions, the optimization of the u as 

b ased on the lamp performance under rated P- ^ ^ 

reduced power conditions, rather than the 
discharge vessel. 



DESCRIPTION OF DRAWINGS 



nart 4 a uv in cross section, 
FIG. 1 is an elevation view, partially 

of a ceramic metal halide lamp. 
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FIG. 2 is an expanded cross-sectional view showing a 
configuration of a discharge tu b e in a first e m hod»ent of 
pre t invention ^ coior . renderlng lnde (CRI , 

of the lamps according to 
of . 10 0-hour ::; ble P 0 „ the *ar*et. 

— t * an o :;r:i ar ^ ^ ^ ^ ^ 

watt LPW) of a 100-hour photometry measurement of 
IccorZ to emhodiment X and or a prior art lamp, avaUaHe 

°" ^TT^es the correlated color temperature (OCT, of a 

m£ >r^ of the lamps according to 
100 . h P hotomet ry — t o L ne avaiLbie ^ ^ ^ 

emb ° d ;r G e Jves - I o f a 100-hour photometry measurement 
of the lamps according to embodiment I and of a prior-art 
lamp, available on the market. 

SUMMARY OF THE INVENTION 
It is an object of the invention to provide a metal 
halide lamp in which a superior color performance is achieved 

under dimming conditions. ionizaD ie filling of the 

According to the invention, the loni 
lamp also comprises Mgl 2 in a molar ^^^^^ 

n * ™* of the total molar quantity of the total hail 
10 3 h am according to the invention has the a—age 
that 1 corrected color -pe-ure of the = are -1 

changed during J^T^^ * ~ « " 

of the lamp is not aaverseiy 

rate Vu:i:;tion of ,„ - i ™» - - 

, that the light radiated by the lamp has a color 

"ilTie: closl to the black body line under both rated 

power and reduced power all the way to * 0 *' 

The lamp of the present invention has significant 
The lamp dimming per- 

advantages over lamps of the prior a 
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t the earlier patent application, (Zhu et. al., 
formance. In the earlier P ^ ^ dUcharge 

Application No. 09/074,633, a IP convaction heat 

tube burning in h tscharge tube, an, a .eta! 

1o ss fro, the -M-^ tufce to reduce radiate 

heat shield is used on the d ^ ^ 

heat loss from the cold-spot during ^ 
voltage starting pulses are general u 

i. ^ a ri- the lamps. A lamp wiu 
halide lamps to start t ^ ^ disonarqe 

M y maKe the lamp ^^J^ leak exlst . Hso the use of 
tu be lea*s or a slow outer a K ^ ^ 

the refractory metal heat sm 

manufacturing cost. inven tion, the ceramic metal 

With the lamp of the presen ics funct ion in 

•4-v, cnnprior dimming characterise 
halide lop. «th "or which Bake the lamps much less 

rrrr rr™ r.r.r. — - 

Referring to FIG. 1, oonve ntional base 12 

includes a -^ S ;7 ^ ; la I 1 . L ead-in wires 14 and 
f Uted with a standard g lass ^ ^ ^ ^ ^ 

« extend from the base 12 conventiona l . A harness 

interior of the envelope 11, a dispoS ed within 

fo rmed of a bent wire within the envelope 

the envelope 11. The harness is anch wlre 14a 

on dimple 24. «- Yolcting wire 14a is 

support a discharge tube 20. ^ ^ 22b 

welded onto the lead-in wire 14^ P ^ ^ 

which are attached to »« h A ° conventiona l getter 9 is 

surrounds the discharge tube 20 ^ ^^.^ 

attached to the harness - J attached to the 

electrodes (not shown) are resp to 
harness 15a and the conducting wire 14a to p ^ 
the lamp and also provide support. Wires 
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i ^ t-r> a nair of narrow 
disposed within and hermetically sealed to pair 

2 t'an expanded cross-sectional ^scnarge 
configuration o t a discharge ^be » £ ^ ^ ^ 

- *? rniitTndtr:^ rr;- Y ^ - - «- 

^- The first and second disKs 

ingredient. The in shrinkage 
integrated and fixed to the main tube 25 by ^ ^ 

fitting through a sintering process, so 

is sealed airtight. -i r +-pqrated 
one end of the cyiindrical narrow tub .1 ~ - J 
. ,. -. i=t t>sa bv the shrinkage fitting, 
with the first disK 28a by drlcal mrrov t ube 21 b is 

similar manner, one end of th , ^inta,. fitting, 

mtegrated with the second d sk 28 b y ^ 1U and 

A conductive sealing member 2** a ^ , nserted in 

firs t -in electrode "* 9 lo . Uy , on e end of the 

th e cylindrical narrow tub J P ^ ^ ^ ^ 

first lead-in wire 31a is conn £irst 

lead-in wire 31a is conn sealing member 

electrode shaft 29a by the welding^ Then ^ 
26 a is fixed to the inner surface o the cyl ^ 

* -4- o-?* in a manner that tne cyxxw 
tube 21a by a frit 27a in a ^ ^ ^ ^ 

tube 21. - =-led a rtigh ^ are 

first lead-in wire 31a and tir ^ 
disp osed in the cylindrical » «« ,w tub 21^ ^ 

mounted to tne y-j-v v the first main 

,, ft 9Qa bv the welding, so tne ial 
electrode shaft 29a by electrode shaft 

electrode 33a is configured by the tir 
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„. T he first lead-in wire 31a 
29a and the - e ; tr i ° n d ; a C r ; 1 £ 32 a sposlng the first electrode 
serves as a lead-in part 01 f 5 The 

33a at a predetermined position in the m " ^ 

sealing — r «. J'^* '.^ 26 a is ... and 

eXa m P le, dianeter of th sha£t 29a is 0.5 
di ameter of the firs -an i-"^ seaUng member 26b , a 
Similarly, in FIG. 2, eiectrode shaft 29b are 

fl rst lead-in wxre 31b and £ Mrrou tube 21b . 

integrated and - s ~ ted /" ^./^ lead - in wire 31b Is 
Specifically, one end o th 26fc fcy , ueldlnq , 

connected with one end o£ the ^ ^ ^ oonn ected with 

and other end o£ the first e * 29b by the welding, 

one end o £ the first main eleotr ^ ^ ^ rf 

Then, the sealing member 26b is ^ ^ ^ that 

the cylindrical narrow tube 21b by ^ ^ 

the cylindrical narrow tu e 2 ^ ^ ^ ^ ^ ^ 

rr^rri::: r/i: ~ „, and _ as «. 

outer lead-in wire 30b ^ ^ , ntegrated and 

Furthermore, an elect ^ ^ f . rst Min 
B ounted to the tip portion of the ct ^ 
eiectrode shaft 29b by the "elding so ^ 
eiectrode 33b is configured by the f ^ ^ 

29b and the f^'^/^csing the first main electrode 
serves as a lead-m part o P ^ ^ ^ ^ 

33b at a predetermined position niobi uB. For 

sealing member 2 .is forme ^ - ^ ^ u ^ and 
example, the diamete o ^ ^ t . „. 

*" riT^-l Ligation of .^"^T^ 
mention, the electrode coils - 

retf-Jn £ — OE «- «• 
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are niobium. The rated power < * P 7 _ s mg of 

£Ullng o£ - ois^es^v a^ ^ a Miar 
the metal halides Ho ,, T ■, rf ^ ^ Ho 

42:6:29 = 23. The total molar on< the £1111 ng 

- *■ is rrrwi: .uu:^ Q£ «. m b a r as „ 

comprises Ar or Xe witn 

iqnition gas. results of lamps with 

„ 8S . 3 to . sh ow t h e -p- so ; er r ;; 1 u ; tietal haUde i-*. 

present invention ana a ^^JZ an. measure. 
The lamps were operated with a ^ re£er ence 

in >t w meter integrating spner 

based comput- 

conditions. The data was «^ presented in FIGS. : 

eriz ed data acguisition ^ » position of the lamp 
to 6 were obtained with the op ^ data 

The experiments, tor whj. 
bs ing vertical-e^up. The^P ^ ^ 

During operation o£ the lamps ^ ^ ^ f<mnd 

invention, and when compar ng them ^ 
th e standard lamps turne green ^ ^ 

substantially from the black bo y ^ , nvention „ ere 

m . When ^ "^^i U remain ed substantially on the 
dimmed to abou lrt hue , and generally looked 
bl acX body locus, had * the eye and it was 

wh ite. such -lor - sat x. t «J ^ ^ ^ c[)ange 
substantially impossible to 

under dimmed conditions. rende ring index (CRI) 

FIG. 3 shows the changes of the 
j -i-x- ran be seen that: me 
when lamps are dimmed. « ^ stan(Jard 

la mp according to the invent 10 change* 1 ^ ^ 
laB p when the lamp was dimmed to 50. n per „. tt 

„ G .4 shows the changes o lamp ef ^ ^ ^ ^ 

(LP «) when lamps are dimmed. It 



the lamp according to the invention and the stanza lamp 
changes in a very similar fashion when dimmed to 50, power, 
changes ^ cQlor temperature 

T+- seen that the CCT of 

fCCH when lamps are dimmed. It can be seen 
5 the alp according to the invention did not have significant 

change when the lamp was dimmed to 50% of its rated power 
change wnen * change was significant when 

With the prior art lamp, the CCT change 
the lamp was dimmed to 50% of its rated power, 
tne lamp * lamps are dimmed. 

FIG. 6 shows the changes of lamp D uv when lamp 

As is well known D uv is a measure of the deviation from the 
b lac* Tody. It can b e seen that the D uv of the lamp according 
TL Z^on did not have significant change when the lamp 
1 dimmed to 50% of its rated power. ^ 
lamp, the D uv change was significant when the lamp 
,r to 50% of its rated power. 

Therefore one can conclude that the lamps according to 
our formulation, containing Mgl; instead of Til, perform 
comparably to the standard lamps at rated power Thi. 
performance includes efficacy, CCT, CRI and D_ (which is a 
20 mea ure of how close the light source is to the blacK body 

curve, . Furthermore, when standard lamps are dimmed to 50, 
power level their performance deteriorates substantially 
Tat is most disturbing, in this deterioration, from the end 
Tser' Point of view is the change in CCT and hue which is 
In bv D As shown above these problems are eliminated by 
" Te subst ation of Til by in the present invention The 

"f the present invention remain at the same CCT and are 
unchanged in terms of hue remaining white throughout the 
dimming range^^ ^ ^ lc . tion . and changes may be made 
within the spirit and scope of the present invention, but it 
I! our intention only to be limited by the following claims. 
As our invention we claim: 



